Binary pulsars with very small radial velocity corresponds to weak orbital effect at time scale of orbital period, and thus be treated as singular ones. However such pulsars may show their binary nature at long time scale by affecting pulsar frequency derivatives. Subtracting the magnetic dipole radiation predicted frequency derivatives from the measured ones, the intensity of long term orbital effect can be estimated and thus the orbital period can be predicted, i.e., 2.0-day for PSR B1757-24. Therefore, binary pulsars can also be found by analysis of pulse frequency derivatives in "singular" pulsars. Moreover, difficulties concerning frequency derivatives, such as braking index, age and timing noise of pulsars can be explained naturally by the new model. 
Orbital effect at long time scale
The time for the pulsed light to travel across the projection of the orbit into observer's line of sight from the instantaneous position of the pulsar is z c = r sin i c sin(ω + f ) .
where c is speed of light. r is the distance between the focus and the pulsar, f is the true anomaly, ω is the angular distance of periastron from the node, i is orbital inclination, as shown in Fig 1. The second of the phenomena due to orbital motion is the change of pulse frequency, ∆ν,
where K ≡ 2πa p sin i/[cP b (1 − e 2 ) 1/2 ] is the semiamplitude, e, P b , a p are eccentricity, orbital period, and pulsar semi-major axis respectively.
The effect of Eq.(2) is more difficult to measure. Because the typical orbital speed in binary pulsars are v ≈ 300km s −1 , the change in frequency ∆ν ≈ 0.001ν, so that the effect of Eq.(2) on pulse arrival times can be determined only in favorable situations (Hilditch 2001) .
The amplitude of Eq.(1) and the semi-amplitude of Eq.(2) are dependent of the mass function,
where M 2 is the mass of the companion and M is the total mass,
When the mass function of a binary pulsar is so small (M 2 or sin i small), that its variation in one orbital period cannot be detected, the binary pulsar may be treated as an singular pulsar. Can a binary pulsar (which is appeared as singular one) show its identity when the short periodic orbital effect is unmeasurable? The answer is yes, the long term orbital effect of a "singular" pulsar may affect the pulse frequency and frequency derivatives, and therefore show its binary nature.
If Eq.(1) and Eq.(2) are averaged over one orbital period, then the time delay of Eq.(1) vanish but the Doppler shift of Eq.(2) is still there,
The period of Eq.(3) is 2π/ω, which determined by the advance of periastron,ω. 
Eq.(4) means that at long time scale a "singular" pulsar (which is actually a binary pulsar) causes variation in the longitude of periastron, and affects the first derivative (also higher order of derivatives) of pulse frequency. The acceleration term of Eq.(4) is given,
whereω GR is the well known advance of periastron given by General Relativity, andω S is the sum of the Spin-Orbit coupling induced advance of periastron plus the quadruple moment induced. Thereforeω S can also be called additional orbital effect. Therefore Eq.(6) can be divided into two cases: (a) the contrition of the additional orbital effect is negligible,ω S = 0; (b) the contribution of the additional orbital effect is significant,ω S = 0. Actually in both (a) and (b)ω is a function of time, therefore they all predict variableν L , however (a) corresponds to a sinusoidalν L , whereas, (b) corresponds to a quasi-sinusoidal one. The deviation of (b) from a sinusoidal function may be a merit, because this naturally explains the phase (frequency) residual curves which are deviate from sinusoidal profiles that are shown in many pulsars.
Nevertheless, in both cases, (a) and (b), the value of the right hand side of Eq.(6) are of the same order of magnitude, 1 Post-Newtonian order. In the following application to pulsar, we just assume thatω ∼ω GR , and estimate orbital period of a pulsar without distinguishing (a) and (b).
The braking index and age of PSR B1757-24
Radio pulsars are powered by their rotational kinetic energy and lose energy by emitting electromagnetic radiation and by accelerating particle winds, so that their rotation frequency decreases with time. The frequency derivative can be expressed as,ν = −κν n (where κ is a constant), from which the braking index can be obtained (Manchester & Taylor 1977) ,
where ν,ν, andν are the spin frequency, first and second order of frequency respectively. The braking index of magnetic dipole radiation is n = 3, provided that magnetic dipole moment and moment of inertia do not evolve with time. Several explanations have been proposed to account for observed braking indexes less than 3. Distortion of the magnetic field lines in the radial direction from that of a pure dipole results in 1 ≤ n ≤ 3 (Manchester & Taylor 1977) . Pulsar wind in which particles having angular momentum are accelerated away from the pulsar, can also result in 1 ≤ n ≤ 3 (Manchester 1985) . Timevariable effective magnetic moment can result in n < 3 (Blandford & Romani 1988) .
When n > 3 the magnetic field of a pulsar is decaying in time by some process. For example n = 4, the magnetic field of a pulsar (with typical parameters such as the moment of inertia, radius of pulsar) will decay at time scale of 8 yr (Padmanabhan 2001) . Therefore, the braking index that truly caused by magnetic dipole radiation should be close to 3, i.e., 1 ≤ n ≤ 4.
However the braking index of some pulsars deviates from 3 significantly, i.e., PSR B1757-24 corresponds to n ≈ 48 by the frequency derivatives given by (Hobbs et al. 2004) . Such a large n cannot be caused by magnetic dipole radiation.
Moreover, the characteristic age of this pulsar is τ = ν obs /|2ν obs | = 16, 000yr, detailed observation set limit on the proper motion of nebular surrounding the pulsar and implies that the true age may be as great as τ p = 170, 000yr. This means that the characteristic ages greatly underestimate the true age of radio pulsar PSR B1757-24 (Gaensler & Frail 2000) .
These two puzzles can be explain by the averaged Doppler shift effect. Eq.(4) gives contribution of long term orbital effect to the first derivative of pulse frequency. Thus the observational one,ν obs isν obs =ν +ν L
whereν is the intrinsic one, which caused by magnetic dipole radiation. Thus following relation can be obtained 2ν
Eq. (9) is actually −1/τ = −1/τ p + 2ν L /ν. Knowing τ and τ p , we haveν L = −7.4 × 10 −12 Hz s −1 .
Therefore the age puzzle, τ p ≫ τ , can also be explained by Eq.(9), since the measured (−1/τ ) is mainly contributed by 2ν L /ν, and thus the magnitude of 1/τ p is very small.ν L can be obtained by differentiating Eq. (4),
Thus by Eq. (4) and Eq. (10) 
Withω 1 and the relationν/ν = nν/ν, given by Eq. (7), we have,
The first term at the right hand side of Eq. (11) corresponds to the magnetic dipole radiation and the second one corresponds to the orbital effect. < v · n p > ′′ can be obtained by differentiating Eq. (5), from whichω 1 ∼ω can be estimated. Moreover byω ∼ω GR inferred from Eq.(6), following relation is obtained,
By n = 3, the unknown value in Eq.(11) can be obtainedω 1 ∼ −5.6 × 10 −11 s −1 . Therefore, the puzzle of large braking index in PSR B1757-24 can be explained. In Eq.(11), the magnetic dipole braking index, n = 3 can be satisfied, the significant deviation from n = 3 is absorbed by the long term orbital effect given by the second term at the right hand side of Eq.(11).
Moreover byω 1 , one can estimate the relativistic advance of periastron,ω GR , by Eq.(12), and in turn knowingω GR one can estimate the orbital period of a binary pulsar system by rewritingω GR as
(13) The orbital period of PSR B1757-24 can be estimated P b ∼ 2.0day (M = 1.4M ⊙ ). Eq.(13) indicts that
GR , thus even if the estimatedω 1 deviates fromω GR for one order of magnitude, the deviation of the estimated P b from its true value is less than order of magnitude.
Discussion
Binary pulsars with very small mass function correspond to weak short periodic effect at the time scale of orbital period, which may be treated as singular ones. However the long periodic effect imprinted in derivatives of pulse frequency. And can be extracted by the discrepancy between the magnetic dipole radiation predicted and the measured derivatives of pulse frequency.
There are two limitations in the application of this model. Firstly the estimation method of this paper is suitable for pulsars which are appeared as singular ones. Because in such case all effects oḟ ω are absorbed by derivatives of pulse frequency. For pulsars measured as binary pulsars already, the effects ofω have already been absorbed by parameters such as P b ,ω GR ,ė, thus it is not suitable to perform the method in such case. Secondly it is suitable to perform this method on pulsars with breaking indexes that differ from n = 3 significantly, since pulsars with n close to 3 may be truly singular pulsars.
Most frequency second derivative reported in the literature deviate significantly from the simple dipole braking (Cordes & Helfand 1980 , Hobbs et al 2004 , and is usually treated as long-term timing noise, which has following characteristics: (i) the magnitude of frequency second derivative depends on the length of the data span; (ii) the sign of frequency second derivative can be both positive (expected by magnetic dipole radiation) and negative (no suitable model); (iii) the magnitude of the resulting braking indexes can be orders of magnitude larger than 3 (Kaspi et al 1994) .
These behaviors can be explained by long term Doppler shift given by Eq.(10), which is (i) time dependent; (ii) changeable in sign; and (iii) the magnitude of which is much larger than that predicted by magnitude dipole radiation, thus the corresponding baking index can be much larger than 3. Therefore, long term orbital effect may be responsible for the timing noise measured in many pulsars.
This model can be tested by examining the estimated orbital period of PSR B1757-24. 
